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EFFICIENCY OF INOCULATION BY NODULE BACTERIA OF
ALFALFA GROWN IN MIXTURE WITH SMOOTH BROMEGRASS
AT VARIOUS RATES OF PHOSPHORUS AND POTASSIUM
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Under the conditions of pot experiment it was studied the efficiency of alfalfa inoc-
ulation by nodule bacteria Sinorhizobium meliloti B-7411 while growing alfalfa in
mixture with smooth bromegrass at varying norms of phosphoric-potassium nutri-
tion. It was found that symbiotic alfalfa systems that were formed with the strain
S. meliloti B-7411 differed in N, assimilation rate depending on dosage of phos-
phorus and potassium nutrition (PK), but had similar dynamics of increase of this
index from stems formation to flowering stage. A number and weight of root nod-
ules on alfalfa, at double dose of PK was reduced, which led to a decrease of bio-
logical atmospheric nitrogen fixation. The highest level of N, assimilation by alfal-
fa root nodules was found in the periods of stems formation, budding and flowering
at the background of 1 norm phosphorus and potassium (by Helrigel), and the
decrease of this index in 2.6, 3.6 and 2.9 times observed at the corresponding stages
at the background of 2 norms of PK. Bacterization of alfalfa seeds contributed to
the growth of the aboveground plant mass of both mixture components. The
greater yield of green mass and dry matter was obtained in treatments with pre-
sowing inoculation of seeds by rhizobia S. meliloti B-7411 and with 1 dose of phos-
phorus and potassium without inoculation as compared to treatments with higher
doses of PK (1.5 and 2 n). Positive dynamics of aboveground mass growth of
smooth bromegrass was also observed during its cultivation in mixture with alfalfa,
for different rates of input of phosphorus and potassium. At the same time, the
smallest values of plants green mass growth of the grass component of mixture
were also obtained for the double norm of PK.

Key words. Sinorhizobium meliloti, alfalfa, smooth bromegrass, phosphorus, potas-
sium, inoculation, nitrogen fixation, productivity.
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Legumes, owing to symbiotic N, fixation can form high yield of cheap
plant protein without usage of expensive, power-consuming and non eco-
friendly mineral N fertilizers. After crop harvesting more than 30 % of fixed
N are kept in plant residues and roots and can be used by next cultures of
crops rotation [1].

Considering that N,-fixing potential of symbiosis of legumes and no-
dule bacteria attended in soil is frequently limited by low activity of bacte-
ria or their small amount in zone of seed germination, presowing treatment
of seed material is carried out by biological products based on selected,
competitive strains, that increase productivity of plants and promote intro-
duction of highly efficient nodule bacteria to soil microbiota [2].

It is well-known that seed inoculation with bacterial products has
positive effects on general state of plants: they have better biometrical
indices, intensive metabolic processes, in particular photosynthesis and N,-
fixation, increased resistance to phytopathogens [3, 4].

Characteristic feature of alfalfa as a legume plant is an opportunity to
symbiosis with Sinorhizobium meliloti bacteria, which are facultative N,-fi-
xator, that can be soil saprophyte without host plant or can form symbio-
sis. The most productive symbiosis arises in a case of co-evolution of host
plant and microorganism [3, 5].

In order to obtain stable and high quantity of forage units and mine-
ral N, fertilizer savings, scientists recommend to sow mixtures of alfalfa or
clover with smooth bromegrass, orchard grass, meadow fescue or oat-grass.
It is proved that mixtures of legumes with grasses which include species of
different families and biological groups provide higher and more stable
yield than pure grown crops [6, 7]. But scientists also noticed a decrease
of N,-fixation performance, when even one kind of grasses was added to
the mixture. This is explained by the fact of high usage of N by grasses.
Reserves of N in nodules and root excretion used by mixture with high per-
cent of grasses are getting lower [8]. Broadly, the question about effect of
grass species in mixture on symbiotic N, fixation by legumes is badly shown
in science literature.

Quantity of N, that can be fixed by alfalfa varies widely depending on
physical, chemical properties of soil and agricultural background [9].
Phosphorus and potassium located in soil cause significant influence on
plants growth and development [10, 11, 12]. Their lack causes different
violations of metabolic processes of plants that lead to growth retarda-
tion [11, 13]. Phosphorus deficiency causes decrease of phosphorus-con-
taining organic compounds, respiration activity and limit penetration of
nodule bacteria into legumes roots [10]. Leaf darkening and appearance
of violet-purple or bronze colour on leaves and later on stems are also
noticed [13].

Presence of potassium in soil is a necessary condition for increasing
different plant resistances — cold resistance, drought resistance, resistance
to different disease-producing factors and pests. Potassium deficiency dis-
turbs water relationships in plants and their growth. For example, chloro-
sis and necrosis appear on old leaves that removed their potassium to
young growing plant organs. Leaves are looked burnt. Plants loose their
turgor pressure and fade [11].
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A lot of researches devoted to studying of the influence of phospho-
rus and potassium fertilizers on legume-rhizobial symbiosis formation and
functioning, but only some of them concerned alfalfa plants. According to
[13], lack of phosphorus in soil inhibits growth of nodules more than
growth of stems. In the same time phosphorus concentration in nodules
changed less than it concentration in other plant organs, wich grew up with
its lack.

Looking at the above, there is a need of careful studying of influence
of phosphorus and potassium variable doses on processes of symbiotic
apparatus formation, plant growth and development, N, fixation rates, and
productivity of crop mixtures.

The aim of our work was to evaluate the effectiveness of alfalfa inoc-
ulation by nodule bacteria in mixtures with smooth bromegrass under the
varying doses of phosphorus and potassium.

Methods

The experiments were carried out with potted plants of alfalfa (Medicago
sativa L.) and smooth bromegrass (Bromus inermis Leyss., Institute of for-
age crops, Pleven, Bulgaria). Mixture of plant species (1 : 1) was grown in
14 1 plastic pots under natural light and temperature on the plant growing
ground of Institute of Plant Physiology and Genetics of NAS of Ukraine
(Kyiv, Ukraine). Pots was sterilized by 20 % solution of H,O,. The sub-
strate for growing was river sand. The source of mineral nutrition was
Helrigel mixture, enriched by microelements: molybdenum, boron, copper,
but it was nitrogen-depleted — 0.25 of norm (1 norm is 708 mg Ca(NO;),
- 4H,0 for 1 kg of sand). The plan of research included variants with the
applications of 1, 1.5 and 2 norms of KH,PO, by Helrigel [14]. For pre-
sowing inoculation of alfalfa seeds, the strain of Sinorhizobium meliloti B-
7411 [15] from the collection of N,-fixing microorganisms of the Institute
of Plant Physiology and Genetics of NAS of Ukraine was used.

To prepare inoculum suspension, biomass of bacteria was washed off
from agar substrate with water. The aqueous suspensions were aligned with
each other according to the turbidity standard. The duration of the bacteri-
zation of the seeds was 60 minutes. The infectious load was 10° ¢/ml. In
the control, alfalfa seeds were moistened with tap water. Experiment was
repeated six times. Plants for analysis were taken at the stems formation
(361 day after emergence), budding (40" day) and flowering (46" day).
The influence of different norms of PK and inoculation of seeds by nodule
bacteria on biometric indices of two components of alfalfa—smooth
bromegrass mixture were determined and analyzed. N,-fixation activity
(NFA) was determined by acetylene method in terms of acetylene reduc-
tion activity of root nodules and expressed in umol of ethylene, produced
by nodules of 1 plant for 1 hour [16]. Roots with nodules were placed in
hermetically sealed glass (75 c¢cm3), acetylene of 10 % of the complete vial
volume was injected through the rubber membrane with a syringe, having
previously removed the same air volume. The incubation time of one
sample was 1 hour. A gas mixture containing ethylene, formed as a result
of acetylene reduction by nitrogenase, was analyzed on Agilent
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Technologies 6850 Network GC System (USA) gas chromatograph. The
volume of the analyzed sample was 1 ml.

Acetylene, used in the experiments, was obtained from technical cal-
cium carbide, with followed purification.

Statistical processing of experimental data was carried out in accor-
dance with generally accepted methods [17] with use of Microsoft Excel
2010 software package.

Results and discussion

Plant growth and development, and legume-rhizobial symbiosis are sub-
stantially influenced by various environmental factors and elements of cul-
tivation technology, which often play a decisive role in the realization of
the potential of symbionts and the efficiency of this system [18].

As a result of the research carried out it was established that root no-
dules were formed on all plants of alfalfa, inoculated by strain . meliloti
B-7411, at the background of 1, 1.5 and 2 norms of phosphorus and potas-
sium. In this case, positive dynamics of root nodule mass increase during the
growing season was noted (Table 1). Significant differences between plants
were revealed by the mass of formed nodules depending on the amount of
these elements added to the substrate. For example, in the stage of alfalfa
stems formation, when it was grown with a smooth bromegrass, the weight of
the formed root nodules decreased with increasing phosphorus and potassium
nutrition, and was 6.1, 5.1 and 3.4 mg/plant, respectively, for 1, 1.5 and
2 norms PK. A similar trend was noted at the following stages of the active
course of assimilation processes in alfalfa. Thus, the weight of the root
nodules on alfalfa was significantly less at 1.5 and 2.0 norms in compari-
son with the weight of the nodules of plants grown under optimal PK stan-
dards.

It is known that at low content of phosphorus in the soil, nitrogen-
fixing bacteria penetrate the root, but do not form nodules [10]. The results
obtained by us evidence the inhibitory effect of elevated norms of phos-
phorus and potassium (1.5 and 2.0 norms) on the nodulation ability of bac-
teria S. meliloti B-7411 in controlled conditions of pot experiments.

TABLE 1. Mass of alfalfa root nodules and their nitrogen fixation activity for different norms of
phosphorus and potassium plant nutrition

PK norm Development stage
Stems formation Budding Flowering
Weight of nodules, mg/plant
1 6.110.6 14.0£1.3 30.613.5
1.5 5.1£0.6 10.4£0.6 23.61+2.2
2.0 3.44+0.4 8.8310.8 15.3£1.2
Nitrogen fixation activity, umol of C,H,/(plant - h)

1 0.0418%0.0045 0.163410.021 0.591240.041
1.5 0.0254£0.003 0.081610.011 0.415410.046
2.0 0.0158%0.002 0.045610.005 0.20210.023
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The mass of root nodules in legume plants is mostly correlated with
their molecular nitrogen fixation rate. The general nitrogen fixation acti-
vity can serve as an integral index that characterizes the functioning of the
symbiotic system, since high nitrogenase activity is observed at the presence
of rhizobia specific strain, balance of C- and N-metabolism in the nodules,
and providing of plants by the nutrition elements [19].

In our experiments, the highest level of N, assimilation by root nod-
ules of alfalfa was observed at the stages of stems formation, budding and
flowering at the background of 1 norm phosphorus and potassium, and the
decrease of this index in 2.6, 3.6 and 2.9 times at the corresponding stages
at the background of 2 norms PK (Table 1).

That is, the symbiotic alfalfa systems formed with the participation of
S. meliloti B-7411 at the background of different content of phosphorus and
potassium in the substrate differed significantly in nitrogen fixation rate,
but had similar dynamics of this index from the stage of stems formation
to the flowering stage.

Consequently, the increase in norms of PK from 1 to 1.5 and 2 in the
plant cultivation substrate resulted in lowering the nodules mass in 1.2—
1.9 times (in the stems formation stage), 1.3—1.6 (budding) and 1.3—2.0
times (flowering), respectively. Thus, excessive phosphorus and potassium
content affects not only the formation of a symbiotic apparatus, but also
significantly reduces the nitrogen fixation rate in root nodules.

According to the literary data on experiments with goat’s rue plants,
clover and soybean the highest nitrogen fixation rates were shown with
introducing recommended phosphorus and potassium feeding rates,
depending on the soil and climatic zone of cultivation of these crops. With
increasing doses of fertilizers, the nitrogen fixation rate gradually decreased
[20, 21]. Potassium more strongly affects the effectiveness of symbiosis
than phosphorus, due to its participation in the formation, transport and
metabolism of sugars in plants [11].

As a result of the research carried out at the Institute of Forage Crops
(Bulgaria, Pleven), it has been established that mineral fertilization and soil
tillage system also affect the nitrogen use efficiency and the life cycle of
alfalfa plants. Thus, the highest nitrogen use efficiency was observed at
N;P,0K;5 and plowing at a depth of 22—24 c¢cm. The most prolonged life
cycle of symbiotic formations on the roots of alfalfa was on the background
of introducing N;Pg Ky, and plowing to a depth of 18—22 c¢m [22].

Consequently, the results we have obtained are corresponded with the
literature data that with the increase in the amount of phosphorus and
potassium in the plant cultivation substrate, the N, assimilation rate by
alfalfa root nodules decreases.

An important index of the influence of various technological methods
and the supply of crops by the elements of nutrition for their growth and
development is the dynamics of growth of vegetative mass [7]. As a result
of the conducted studies, differences in this index between the plants of
different experimental treatments were revealed. In particular, in the treat-
ment without inoculation, the highest growth rates of green mass were
noted for 1 norm of phosphorus and potassium, reaching 1.14 g at the
stems formation stage and 1.78 g at the flowering stage (an increase in the
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aboveground mass of plants between these stages was found 56 %). With a
lower intensity, the aboveground mass of alfalfa increased at 1.5 and 2 norms
PK, respectively by 29.4 and 20.7 %, yielding to similar indices for opti-
mal (1 norm) PK standards.

Inoculated plants of alfalfa shown the highest growth of green mass
from the stems formation stage to the flowering (79 %) at the background
of 1.5 norm PK, while at the same time, at 1 and 2 norms, the growth was
53 and 52 %, respectively.

Consequently, the introduction of a double norm of phosphorus and
potassium (2 norms PK) somewhat slowed the growth of the mass of the
alfalfa inoculated and noninoculated plants, compared with those growing
at the background of 1 and 1.5 norms.

It should be noted that plants in treatments with inoculation were
slightly higher with an increase in the dose of phosphorus and potassium,
but had a less massive shoot that was clearly visible visually.

The integral index of the functioning of the legume-rhizobial symbi-
otic system is usually the yield of the aboveground mass of plants. We car-
ried out two harvestes of mixtures and determined the mass of the resul-
ting fresh and dry matter. Inoculation of seeds with S. meliloti B-7411
bacteria at the background of all doses of phosphorus and potassium resul-
ted in a higher green mass yield of alfalfa compared to non-inoculated
plants (Table 2). As a result of the N, assimilation by nodules, better nitro-
gen feed conditions are provided, which promotes the intensification of
metabolic processes of plant growth and development [3, 5].

The dynamics of growth of the aboveground mass of smooth bromegrass
was also positive when growing with alfalfa, inoculated by bacteria, for dif-
ferent rates of input of phosphorus and potassium. At the same time, the
smallest values of growth of the green mass of plants of the grass component
of mixture were obtained for the introduction of a double norm of PK.

As a result of the bacterization of alfalfa seeds by rhizobia, active
plant-microbial symbiotic complexes — root nodules, which actively
assimilated atmospheric nitrogen, were formed. Thanks to the symbiotic
nitrogen fixation of alfalfa, an additional supply of biological nitrogen to

TABLE 2. Green mass yield of plants in mixtures for different norms of phosphorus and
potassium supply and inoculation with nodule bacteria

Aboveground mass yield, g/pot
Treatments T\]I;)En Fresh weight Tptal Dry weight Tptal
I harvest | II harvest yield I harvest | II harvest yield
Without 1.0 52.10£2.6 38.41£3.3 90.51 14.82+£0.8 10.34%x1.17 25.16

inoculation
1.5 50.55+1.3 36.27£1.6 86.82 12.82%£1.2 9.21+£0.45 22.03
2.0 4826%6.14 39.03+2.7 87.29 11.97£1.6 9.61£0,51 21.58

Inoculation 1.0 66.23+3.9 45.89+3.4 112.12 18.32+1.5 11.93+0.78  30.25
S. meliloti B-7411

1.5  64.1245.6 47.15£3.1 111.27 18.95+1.1 13.84+x1.7  32.79
2.0  63.33%6.8 44.29t1.3 107.62 16.89+2.5 11.30+1.12 28.19
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the root system of plants had a positive effect on the growth and develop-
ment of plants of smooth bromegrass.

Studies carried out by Kurgan [23] have proved that the inclusion
of perennial legumes in sowing coenoses removed nitrogen from 102 to
200 kg/ha by yield of dry matter per one hectare. Davyduk and others [24]
indicate that legumes in late-grass mixture sowing to symbiotic nitrogen
fixation replaced mineral nitrogen of 98—110 kg/ha by the yield of dry
matter, and of 140—159 kg/ha by the output of digestible protein. According
to the Institute of Forages of NAAN of Ukraine [25], legume-grass mixtures
included two legume components, provided almost the same dry matter
yields, as mixtures without legumes, but which were fertilized by 180 kg/ha
of nitrogen. The dependence of the nitrogen fixation rate on the species com-
position of the cultivated grass-legume mixtures was also noted [8].

As a result of our research, the highest indices of productivity of mix-
ture (for the first harvest) were obtained for one norm of PK in the sub-
strate of plant cultivation. Performance indices in the treatments without
inoculation were 21.2—23.8 % lower, compared with those in the treat-
ments with the inoculation of S. meliloti B-7411. From pots in which the
inoculated alfalfa seeds were sown, it was received 14.1, 13.6 and 15.1 g/pot
more green mass at 1, 1.5 and 2 norms of phosphorus and potassium,
respectively, in comparison with non-inoculated plants.

According to the second harvest, mixtures grown on a substrate with
1, 1.5 and 2 norms PK and inoculation of alfalfa with nodules bacteria
yielded a green mass crop of 45.89, 47.15 and 44.29 g/pot, corresponding
to an increase of 11,9—23,1 % in comparison with the crop of the respec-
tive treatments without inoculation of alfalfa (Table 2).

Thus, the yield of grass mixtures for two harvestes in the treatments
without inoculation was 18.9—22 % less than inoculated, while inocu-
lated plants had only a tendency to decrease in the yield when growing
at elevated PK norms. Indices of plant productivity were the smallest in
growing at the background of a double norm of phosphorus and potas-
sium, which indicates the negative impact of the increased dose of these
nutrition elements on the growth and development of both components
of mixtures.

In studies [26] for inclusion of legume component in the composition
of mixture with the introduction of phosphorus and potassium fertilizers,
yield of dry mass of seeded grass was 61.0—77.6 c/ha, which was almost
equal to the grain crop yield, which brought 60—120 kg/ha of nitrogen. As
a result of our studies, the level of accumulation of dry matter in the first
harvest demonstrated higher rates, compared with the second. Thus, at the
first harvest, it was collected 3.5, 6.1 and 4.9 g per pot more dry matter
when subjected to substrate 1, 1.5 and 2 norms PK, respectively. According
to the different rates of phosphorus and potassium, the dry matter of inoc-
ulated plants (g/pot) was greater compared to plant without the treatment
with nodule bacteria. That is, the provision of mixture with biological N,
which enters the substrate of plants cultivation due to its assimilation with
root nodules, stimulates the growth of plants of mixtures, which manifests
itself in increasing the mass of vegetative organs and accumulation of dry
matter (see Table 2).
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Thus, the optimum supply of plants with phosphorus and potassium

at the background of seeds inoculation by the active strain of Rhizobium
contributes to the increase of the productivity of alfalfa (Medicago sati-

va

L.)—smooth bromegrass (Brommus inermis Leyss.) mixtures, which cre-

ates all the prerequisites for obtaining a high protein forage and the rea-
lization of the main functions in the biologization of agriculture by
influencing the soil fertility and the state of the environment.
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E®EKTUBHICTb THOKYIALIT JIOUEPHU BYJIbBOYKOBUMU BAKTEPIAIMU
IMPU if BUPOIIIYBAHHI ¥ TPABOCYMIlIli 31 CTOKOJOCOM BE30CTUM HA
®OHI PI3HUX 103 ®OCPOPHO-KAJIIMHOTO XHWBJIEHHA

IT.11. ITyxmaesuu!, K.IT. Kykoa!, H.A. Bopobeii!, B. Bacirveea?, C.4. Koup!
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B ymoBax MozesIbHOro BereTaliiiHOro AOCJiay BUBYAIM €(EKTUBHICTb iHOKYJISILII Jrouep-
BOCYMillli 3i CTOKOJIOCOM 0e30CTUM Ha (hoHi pisHUX HOPM (HochOpHO-KaTiTHOTO KUBIEH-
Hs. Y pe3ynbrari NMpOBEAECHUX MOCHIIXEeHb BCTAHOBJIEHO, IO CHUMOIOTUYHI CUCTEeMU
JIIOLIEPHY, YTBOpEHi 3a ydyacrtio wramy S. meliloti B-7411, Bigpi3Hsiiucs 3a iHTEHCUBHICTIO
acuminanii N, 3anexHo Bin 1031 ¢GochOpHO-KaTiHHOIO XUBIEHHS POCIMH, ajle Maju
MoAiOHY MMHAMIKy 3pOCTaHHS 1IbOTO MOKa3HUKa Bia (a3u credsyBaHHS 10 a3y 1BITIHHS.
BigmiyeHO 3HMKEHHSI KiJIbKOCTi Ta Macu KOpeHEBUX OYyJIbO0YOK Yy JIIOIEPHU 3a MOABiIMHOT
Hopmu PK, 1110 mpusBoauiao no 3MeHILEHHs iHTEHCUBHOCTI OiojioriyHoi ¢ikcalii atMo-
coepHoro aszory. HaiiBummii pisenp acuminsauii N, KopeHeBUMU Oy1b00YKaMU JIOUEPHU
BCTaHOBJIEHO y (ha3u cTebsyBaHHS, OyTOHi3allii Ta UBiTiHHA Ha ¢oHi 1 Hopmu docdopy Ta
Kaiiio (3a ['eabpureseM) i 3HMXKEHHS 1[bOTO MOKa3HMKA y 2,6, 3,6 Ta 2,9 pa3a y BionoBimgHi
dasu Ha doni 2 HopMm PK. bakrepusalliss HaciHHs JIOLUEPHU CIpUsIa POCTY HaA3eMHOI Ma-
CH POCJIMH 000X KOMITOHEHTIB TpaBOCYMillli. ¥ BapiaHTax AOCHiay 3a MepearnociBHOI iHOKY-
JISILiT HaciHHS pu3o6isamu S. meliloti B-7411 Ta 6e3 iHOKys1il Ha ¢oHi 1 Hopmu dochopy
i Kajilo OTpUMaHO HaWOUTBIIMI ypoxail 3eJIeHOI Macu Ta CyXoi PEYOBUHM JIIOLIEPHU
MOPiBHSIHO 3 aHAJIOTIYHMMU MOKa3HMKaMM MpU 3acTocyBaHHI minuiueHux no3 PK (1,5 ta
2 HopMHM). BimMidyeHO TakoX MO3UTUBHY AMHaMiKy HapOCTaHHSI BEreTaTUBHOI Macu CTOKO-
Jlocy 6e30CTOro Mpu BUPOIILYBAaHHI Y TPaBOCYMillli 3 JIIOLIEPHOIO 332 Pi3HUX HOPM BHECEHHS
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docdopy i kamio. [Tpu uboMy HaliMeHIi MOKa3HUKU HApOCTAHHSI 3€JIEHOI Macu POCIUH
3J1aKOBOTO KOMITOHEHTa TPABOCYMillli OTPMMaHO TaKOX 3a BHECEHHS MoaBiiiHOi HopMu PK.

Knrouosi caosa: Sinorhizobium meliloti, nouepHa, cTokoyioc 6e3ocTuii, pocdop, Kaiii, iHO-
KyJIs1isi, a3oTdikcallisi, MPOIAYKTUBHICTb.

SOOEKTUBHOCTb MHOKVIIALIMNU JIOLEPHBI KITYBEHBKOBBIMU
BAKTEPUAMMU I1PU EE BBIPAIMBAHMU B TPABOCMECH C KOCTPOM
BE30CTBIM HA ®OHE PA3JIMYHBIX 103 ®OCPOPHO-KAITUHUHOTO
[MUTAHUA

I1.11. ITyxmaesuu!, E.I1. Kykoa!, H.A. Bopobeii!, B. Bacuavesa?, C.5. Koup'

ITMHCTUTYT DU3UONTOTMM PACTEHUI M TeHETUMKU HalmoHaNIbHOM akageMUuu HayK
Yxpaunsl, Kuen
M HCTUTYT KOPMOBBIX KYJIbTyp, IlneseH, Bonrapus

B ycioBMSIX MOJENBHOTO BEreTallMOHHOTO OMbITa U3ydaiu 3G(MeKTUBHOCTh MUHOKYJISIUUA
JIIOLIEPHBI KIYyOCHBKOBBIMU OakTepusmMu Sinorhizobium meliloti B-7411 nipu BblpalluBaHUKU
ee B TPaBOCMECHU C KOCTPOM 0e30CThIM Ha (hOHE pa3IuyHbIX HOPM (GochHOpHO-KaIUITHOTO
nuTaHus. B pe3yiabTare MpoBeNEeHHBIX MCCAENOBAaHUN YCTAaHOBJIEHO, YTO CUMOUOTHYECKUE
CHUCTEMBI JIIOLIEPHBI, 00pa3oBaHHbIC ¢ yyacTueM wutamma S. meliloti B-7411, oTauyanuch 1o
UHTEHCUBHOCTH aCCUMMIIALMMU N, B 3aBUCUMOCTH OT 1035l (hOCHOPHO-KATMAHOrO MUTaHUs
pacTeHUi, HO UMeJIM CXONHYIO TMHAMUKY POCTa 3TOTO IMokasaress oT ¢a3bl cTebaeBaHUs
K ¢aze usereHus1. OTMEUEHO CHUKEHME KOJUYECTBA U MACChl KOPHEBBIX KJIYOEHBKOB Y JIIO-
LIEpHBI TpY ABOWHOK HopMme PK, 4To MpMBOIMIO K YMEHBIIEHMIO WHTEHCUBHOCTH GUOJIO-
rnyeckoil ukcaumm atMocdhepHoro asora. CaMblil BLICOKMI YPOBEHb acCUMMIALMU N,
KOPHEBBIMU KJIyOE€HbKAMU JIIOLIEPHBI YCTaHOBJEH B (ha3bl crebieBaHUs, OYyTOHM3AIUU U
1BeTeHus Ha ¢oHe 1 HopMmbI docdopa u Kanus (1o 'eabpurento) U CHUXEHUE ITOTO MO-
Kazatess B 2,6, 3,6 u 2,9 pa3a B cooTBeTcTBYIOIIMe a3kl Ha doHe 2 HopM PK. Bakrepu-
3alMsl CEeMSIH JIIOLIEPHBI CIOCOOCTBOBAA POCTY HAA3eMHOM Macchl pacTeHUN O00OMX KOM-
TMOHEHTOB TpaBocMecu. B BapuaHTax omnbIiTa € HWCIOJb30BAaHUEM MPEANIOCEBHOM
WHOKYJISIUMU ceMsIH pusobusamu S. meliloti B-7411 n 6e3 uHoKyassuuu Ha GoHe 1 HOp-
MbI ocdhopa ¥ Kaius MoJyyeH HaubOJIbIIUI ypoxkail 3eJIeHOif Macchl U CYXOro BellecTBa
JIIOLIEPHBI TIO CPAaBHEHMIO C aHAIOTMYHBIMM TTOKA3aTeJISIMU TIPY TPUMEHEHUHU TTOBBIIIEHHBIX
no3 PK (1,5 u 2 HopMbl). OTMeueHa Takke MOJIOKUTebHash AMHAMUKA HapacTaHUs Bere-
TaTUBHON Macchl KOCTpa 0€30CTOro MpHM BbIPAIlIMBAaHUM B TPABOCMECHU C JIIOLEPHOU Mpu
pa3IMYHBIX HOpMax BHeceHUs (ocdopa u Kanus. [Ipy 2ToM HauMeHblIMe TTOKa3aTeau Ha-
pacTaHusl 3eJIEHOI Macchl pacTeHUIt 3JaKOBOTO KOMIIOHEHTa TPAaBOCMECHU TMOJTYYEeHbI TAaKXKe
MpU BHECEHUU ABoiiHON HopMbl PK.

Knatoueswie crosa: Sinorhizobium meliloti, mouepHa, KocTep 06e30CThIii, (pochop, Kanuit, UHO-
KyJISLMs, a30ThUKcals, MPOTyKTUBHOCTD.
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